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Antioxidant, Anti-Melanogenic and Anti-Wrinkle Effects of Phellinus vaninii
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ABSTRACT
In this study, the antioxidant, anti-xanthine oxidase, anti-melanogenic and anti-wrinkle
effects of methanol (ME) and hot water (HE) extracts from the fruiting bodies of Phellinus
vaninii were investigated. The 1,1-diphenyl-2-picryl-hydrazyl free radical scavenging activity
of 2.0mg/mL HE (95.38%) was comparable to that of butylated hydroxytoluene (96.97%),
the reference standard. The hydroxyl radical scavenging activities of ME (98.19%) and HE
(97.55%) were higher than that of butylated hydroxytoluene (92.66%) at 2.0mg/mL. Neither
ME nor HE was cytotoxic to murine melanoma B16-F10 cells at 25–750mg/mL. Although the
xanthine oxidase (XO) inhibitory effects of ME and HE were significantly lower than that of
allopurinol, the values were higher than 84 percent. The in vitro tyrosinase inhibitory activ-
ities of ME and HE were comparable to kojic acid at 2.0mg/mL. The cellular tyrosinase and
melanin synthetic activities of ME and HE on B16-F10 melanoma cells at 500mg/mL were
higher than arbutin, indicating that the inhibitory effects of arbutin on the tyrosinase and
melanin synthesis were higher than those of ME and HE. The collagenase inhibitory activity
of HE was comparable to EGCG at 2.0mg/mL, however, the elastase inhibitory activity of ME
and HE was lower than EGCG at the concentration tested. The study results demonstrated
that the fruiting bodies of Ph. vaninii possessed good antioxidant, anti-xanthine oxidase,
cell-free anti-tyrosinase, cellular anti-tyrosinase, anti-collagenase, and moderate anti-elastase
activities, which might be used for the development of novel anti-gout, skin-whitening, and
skin anti-wrinkle agents.
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1. Introduction

Free radicals and reactive oxygen species (ROS) are
generally unstable and highly-reactive chemical spe-
cies. They are mainly derived from enzymatic and
non-enzymatic metabolic pathways in cells of the
human body through the mitochondrial electron
transport system of respiration, phagocytosis, pros-
taglandin synthesis, and the endoplasmic reticulum
system [1]. However, free radicals and ROS are also
generated from exposure to exogenous sources,
including heavy metals, tobacco smoke, chemicals,
and industrial pollutants [2]. They have been
reported to cause various ailments, such as aging,
cardiovascular diseases, respiratory disorders, dia-
betes mellitus, rheumatism, and liver diseases [3].

Xanthine oxidase (XO) catalyzes the oxidation of
hypoxanthine to xanthine and further converts xan-
thine to uric acid. Gout is characterized by an ele-
vated concentration of uric acid (hyperuricemia) in
the blood that leads to the deposition of uric acid
crystals in the joints causing painful inflammation
and 5–30% of the world population suffers from
gout, which is considered to be an important risk
factor for human health [4,5]. For the treatment of

gout, XO inhibitors which lower the plasma uric
acid concentration are generally employed [6].
Although allopurinol, an XO inhibitor, has been
used for the treatment of gout, a new XO inhibitor,
febuxostat, was recently developed. However, the
drug has many side effects, including hepatitis,
nephropathy, and allergic reactions [7]. Thus, the
search for new XO inhibitors with good therapeutic
activity and lower side effects has continued.

Tyrosinase is a rate-limiting copper-containing
oxidative enzyme commonly present in plants,
microorganisms and animals. Tyrosinase is involved
in the melanin synthetic pathways by the hydroxyl-
ation of L-tyrosine to 3,4-dihydroxyphenylalanine
(DOPA) and the conversion of DOPA to dopaqui-
none [8]. Melanin is produced by the melanocytes
of the melanosomes and plays an important role in
defending the epidermis from the harmful effects of
ultraviolet (UV) radiation from sunlight. Skin
hyperpigmentation resulting from increased melanin
synthetic enzyme activity by excessive exposure to
UV radiation may cause dermatological disorders,
including melasma, vitiligo, and lentigo [9,10].
Recently, tyrosinase inhibitors have become
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important for preventing pigmentation problems
and other melanin-related medical disorders. Since
many women prefer to lighten their dark skin
patches, the medical and cosmetic industries have
focused on tyrosinase inhibitors to treat skin hyper-
pigmentation [11]. To deal with these problems,
organic compounds originating from microorgan-
isms and plants, such as kojic acid, arbutin, azelaic
acid, gentisic acid, and others have been developed
as skin-whitening agents [12]. The efficacy of
whitening compounds is determined by tyrosinase
inhibition in cell-free systems or by the inhibition of
cellular tyrosinase and new sources of tyrosine
inhibitors from plants and microorganisms are con-
tinually being screened [13].

Skin aging is a biologically inevitable process of
living organisms and instigated by both intrinsic
and extrinsic factors. Intrinsic skin aging, also called
age-dependent aging or chronologic aging, is caused
by internal physiological factors of the body, while
extrinsic aging is caused by many external factors,
including exposure of the skin to UV radiation, cig-
arette smoking, air pollution, etc. These factors can
cause wrinkles, pigmentation, and changes in skin
thickness [14]. Skin is the soft outer tissue consists
of epidermal, dermal and subcutaneous tissue. The
outermost part of the skin is an extracellular matrix
(ECM) and consists of collagen and elastin [15].
Collagen provides elasticity, strength, and flexibility
of the skin. It also maintains the structural frame-
work of the skin and plays a pivotal role maintain-
ing normal cellular functions in the morphogenesis
of skin [16]. Elastin is a key protein present in the
connective tissue of the ECM and provides elasticity
to the skin. Collagenase, a zinc-dependent endopep-
tidase, is capable of degrading ECM components,
specifically, type 1 collagen. Elastase, a protease
enzyme, breaks down elastin, and collagen, and
determines the mechanical and structural properties
of the connective tissue of the ECM [17]. Therefore,
it is desirable to develop pharmacological inhibitors
to prevent skin aging, such as skin sagging
and wrinkling.

Mushrooms have been used as good food sources
and traditional folk medicine for thousands of years
in many different countries. Their fruiting bodies
contain biologically-active metabolites with high
medicinal value, including b-glucans, polysacchar-
ides, polyphenols, flavonoids, terpenoids, and other
organic compounds, which provide immune stimu-
lating, antitumor, anti-hyperglycemic, anti-hyper-
cholesterolemic, hepatoprotective, and inflammation
inhibitory activities [18–20].

Phellinus vaninii, commonly known as
‘sanghuang’, belongs to Basidiomycota,
Aphyllophorales, Hymenochaetacae and is

distributed in East Asia and Russia [21]. Several
mushroom species belonging to the genus Phellinus,
including Ph. baumi, Ph. gilvus, Ph. linteus, Ph. mer-
rillii, and Ph. pini, have been studied for their
potential medicinal antioxidant, anti-diabetic, anti-
hyperlipidemic, anti-microbial, and antitumor activ-
ities [22,23].

Although Ph. vaninii has become available in
Korea, there are only a few reports of its medicinal
effects [24]. Therefore, the purpose of this study was
to evaluate the antioxidant, anti-xanthine oxidase,
anti-melanogenic and anti-wrinkle effects of the
methanol and hot water extracts of Ph. vaninii fruit-
ing bodies.

2. Materials and methods

2.1. Chemicals and reagents

Butylated hydroxytoluene (BHT), 1,1-diphenyl-2-
picryl-hydrazy (DPPH), dimethyl sulfoxide, (DMSO)
xanthine oxidase, tyrosinase, L-3,4-dihydroxypheny-
lalanine (DOPA), xanthine oxidase, allopurinol,
kojic acid, arbutin, collagenase, and porcine pancre-
atic elastase were purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA), and all other chemicals and
solvents used for the study experiments were of ana-
lytical grade.

2.2. Mushroom extract

The fruiting bodies of Ph. vaninii were obtained
from Mushroom Research Institute of Gyeonggi
Agricultural Technology Institute in Korea. The
fruiting bodies were air-dried (45 �C for 48 h) and
finely pulverized. To prepare the methanol extract
(ME), 20 g of the powder in 400mL of 80% metha-
nol was kept in an orbital shaker (125 rpm) for 24 h
at 25 �C. The solution was filtered through filter
paper. To obtain the hot water extract (HE), the
same amount of the powder was boiled for 3 h with
400mL of deionized distilled water and filtered
through filter paper. Then, the remaining residue
was extracted with 400mL of 80% methanol or hot
water twice, as described above, respectively. Then,
the combined extracts were evaporated to dryness at
40 �C, and the remaining water was removed with a
freeze-drier.

2.3. Total phenolic and flavonoids content

The total phenolic content of ME and HE was
determined using a slight modification of the Folin-
Ciocalteu assay [25]. A 1mL aliquot of ME and HE
was added to 1mL of 10% Folin-Ciocalteu solution.
The solution was vortexed and left for 3min at
25 �C. Then, 3mL of 2% sodium carbonate
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(Na2CO3) solution was added and kept for 2 h at
25 �C. The absorbance was measured with a spec-
trometer at 760 nm. The total phenolic content was
expressed as mg gallic acid equivalents (GAE).

The total flavonoid content was measured by a
slightly modified aluminum chloride (AlCl3) colori-
metric assay [26]. An aliquot (1mL) of ME and HE
was dissolved in 1mL deionized water. This solution
(1mL) was added to 3.0mL of 95% alcohol, 0.2mL
of 10% aluminum chloride, 0.2mL of potassium
acetate (1M), and 5.6mL of deionized water. Then,
the reaction mixture was incubated at 25 �C for
40min, and the absorbance was measured with a
spectrometer at 415 nm. The total flavonoid content
was expressed as mg quercetin equivalents (QE).

2.4. Cell viability assay

2.4.1. Cell culture

The murine melanoma B16-F10 cell line was
obtained from the Korean Cell Line Bank of the
Korean Cell Line Research Foundation, Seoul,
Korea. The cells were cultured in Dulbecco’s
Modified Eagle’s Media (DMEM) supplemented
with 10% heat-inactivated fetal bovine serum (FBS),
and 1% penicillin-streptomycin at 37 �C in a
humidified incubator with 5% atmospheric CO2.

2.4.2. Cell viability

The effect of ME and HE on the cell viability of
B16-F10 cells was estimated by MTT assay [27]. The
cells (5� 104) were cultured in a 24-well plate and
incubated for 24 h at 37 �C. Then, the cells were
treated with varying concentrations of ME and HE
(25–750mg/mL) and incubated for 48 h. Then, each
well was supplemented with 200 mL of MTT solution
(0.5mg/mL) and incubated for 4 h in the dark. The
resulting colored formazan crystals were solubilized
in 200mL of DMSO and the absorbance was meas-
ured with a microplate reader at 570 nm.

2.5. Antioxidant assay

2.5.1. DPPH scavenging activity

The radical scavenging effect of ME and HE from
Ph. vaninii fruiting bodies was determined using the
DPPH assay [28] with minor modifications. Briefly,
1mL of different concentrations of ME and HE
(0.125–2.0mg/mL) was mixed with I mL of DPPH
(0.1mM) in methanol. The mixture was shaken and
kept for 30min at 25 �C. The absorbance was meas-
ured with a spectrophotometer at 517 nm. The
DPPH radical scavenging effect was calculated using

the following formula:

DPPH radical scavenging activity ð%Þ
¼ ½ðAbsc � AbssÞ=Absc� � 100,

where Absc represents the absorbance of the vehicle
control and Abss represents the absorbance of the
sample. BHT was used as a reference standard.

2.5.2. Inhibition of lipid peroxidation

The lipid peroxidation inhibitory activity of ME and
HE from Ph. vaninii fruiting bodies was assessed
using a previously described method [29] with
minor modification. Briefly, 250mL of egg yolk
homogenate (10% in distilled water), 50 mL of each
ME and HE, and 200 mL of distilled water were
added to a test tube. Twenty-five milliliters of
FeSO4 (0.07M) was added and incubated for 30min
at 25 �C. Then, 750 mL of 20% acetic acid (pH 3.5)
and 750 mL of 0.8% thiobarbituric acid (TB) in 1.1%
sodium dodecyl sulfate (SDS) with 25mL of 20% tri-
chloroacetic acid (TCA) were added and the mixture
was vortexed and incubated in a water bath for
60min at 100 �C. After cooling to 25 �C, 3.0mL of
1-butanol was added to each tube and they were
centrifuged for 10min at 3000 rpm. The absorbance
of the solution was measured with a spectrophotom-
eter at 532 nm. The inhibitory effect of lipid peroxi-
dation was calculated using the following formula:

Lipid peroxidation inhibition (%)
¼ [(Absc – Abss)/Absc]� 100,

where Absc represents the absorbance of the vehicle
control and Abss represents the absorbance of the
test sample. BHT was used as a reference standard.

2.5.3. Hydroxyl radical scavenging activity

The hydroxyl radical scavenging effect of ME and
HE from Ph. vaninii fruiting bodies was measured
using a published method [30] with minor modifi-
cations. In brief, 0.5mL of different concentration
of ME and HE (0.125–2.0mg/mL) were incubated
in a solution containing 100mL of 2.8mM 2-deoxy-
ribose in phosphate buffer (10mM, pH 7.4), 200 mL
of FeCl3 (200 microM)-EDTA (1.04 microM) (1:1 v/
v), 100 mL of H2O2 (1.0mM), and 100 mL of ascorbic
acid (1.0mM). The amount of deoxyribose degrad-
ation was measured after the addition of 1.0mL of
1% TBA, followed by incubation at 100 �C for
20min. The absorbance was measured on a spectro-
photometer at 532 nm. The inhibitory effect of
hydroxyl radical scavenging was calculated using the
following formula:

Hydroxyl radical scavenging (%)
¼[(Absc – Abss)/Absc]� 100
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where Absc represents the absorbance of the vehicle
control and Abss represents the absorbance of the
test sample. BHT was used as a reference standard.

2.6. Xanthine oxidase inhibition

The xanthine oxidase (XO) inhibitory activity of ME
and HE from the fruiting bodies of Ph. vaninii was
measured using xanthine as the substrate by a pub-
lished method with minor modifications [31]. A
1mL aliquot of various concentrations of ME and
HE (0.5–8.0mg/mL) was added to 2.9mL of phos-
phate buffer (pH 7.5) and 0.1mL of xanthine oxi-
dase enzyme solution (0.1 units/mL in phosphate
buffer pH 7.5) and pre-incubated at 25 �C for
15min. Then, the reaction was initiated by the add-
ition of 2mL of the substrate solution (150mM xan-
thine in the buffer). The mixture was incubated for
30min at 25�C and the reaction was terminated by
the addition of 1mL 1N HCl. The absorbance was
measured with a spectrophotometer at 290 nm.
Allopurinol was used as a reference standard.
Xanthine oxidase inhibition was calculated using the
following formula:

Xanthine oxidase Inhibition ð%Þ
¼ ½ðA–BÞ–ðC–DÞ=ðA–BÞ� � 100,

where A is the enzyme activity without the extract,
B is the control of A without the extract and
enzyme; C is the activity of extract with XO, D is
the activity of the extract without XO.

2.7. Anti-melanogenic effects

2.7.1. In vitro inhibition of tyrosinase

The tyrosinase inhibitory activity of the mushroom
extracts was determined using a published method
[32] with slight modification. Briefly, the reaction
mixtures were prepared by the addition of 40 mL of
tyrosinase (31 units/mL) to 40 mL of varying concen-
trations of ME and HE (0.125–2.0mg/mL), 40 mL of
1.5mM L-tyrosine, and 80 mL of 0.1M phosphate
buffer (pH 6.8). Then, the mixture was incubated
for 10min at 37 �C. The absorbance was measured
with a microplate reader at 475 nm. The tyrosinase
inhibition was calculated using the follow-
ing formula:

Inhibition of tyrosinase (%)
¼ [(Absc – Abss)/Absc]� 100,

where Absc represents the absorbance of the vehicle
control and Abss represents the absorbance of the
test sample. BHT was used as a reference standard.

2.7.2. In vitro inhibition of DOPA auto-oxidation

The L-DOPA auto-oxidation inhibitory activity of
the mushroom extracts was determined using a
slightly modified method [33]. Briefly, the reaction
mixtures were prepared by the addition of 40 mL
tyrosinase (31 units/mL) to 40mL of varying concen-
trations of ME and HE (0.125–2.0mg/mL), and pre-
incubated for 10min at 37 �C. Then, the reaction
was initiated by the addition of 40 mL of 2.5mM L-
DOPA solution (in phosphate buffer) and 80mL of
phosphate buffer (0.1M, pH 6.8) and incubated for
10min at 37 �C in the dark. The absorbance was
measured with a microplate reader at 475 nm. The
percentage of L-DOPA auto-oxidation inhibition
was calculated using the following formula:

Inhibition of DOPA auto-oxidation (%)
¼ [(Absc – Abss)/Absc]� 100,

where Absc represents the absorbance of the vehicle
control and Abss represents the absorbance of the
test sample. Kojic acid was used as a refer-
ence standard.

2.7.3. Cellular tyrosinase activity

The cellular tyrosinase activity in B16-F10 cells was
measured using a slight modification of a published
method [34]. The cells (5� 105 cells/well) were cul-
tured in 96-well plates. After treatment with various
concentrations of samples (25–500 mg/mL) for 24 h,
the melanoma cells were washed with PBS, and
lysed with 0.1M phosphate buffer (pH 6.8) contain-
ing 1% Triton X-100. The cells were kept on ice for
10min and the lysates were centrifuged at 10,000
�g for 10min. Then, the protein content in the
supernatant was determined by the Braford method,
with bovine serum albumin (BSA) as a standard. To
measure the tyrosinase activity, 100mL of cell lysate
solution and 100 mL of 2.5mM L-DOPA (in the
same phosphate buffer) and was added to each well
of a 96-well plate. After incubation at 37 �C for 1 h,
the absorbance was measured at 475 nm using a
microplate reader. The cellular tyrosinase activity
was calculated using the following formula:

Cellular tyrosinase activity (%)
¼ (Abss/Absc) � 100,

where Abss represents the absorbance of the sample
and Absc represents the absorbance of the control.
Arbutin was used as a reference standard.

2.7.4. Cellular melanin synthesis

Measurement of melanin content in B16-F10 melan-
oma cells treated with varying concentrations of the
mushroom extracts was performed using the
method published by Hosoi et al. [35]. The cells
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(4� 104 cells/well) were cultured in a 96-well plate
in DMEM. After 24 h of incubation, the cells were
treated with ME and HE (25–500mg/mL) for 72 h
containing 0.4 mM melanocyte-stimulating hormone
(MSH). The cells were harvested by the addition of
300 mL of Triton �100 (1%, PBS), centrifuged for
5min at 3000 rpm, and the supernatant removed.
Then, 100 mL of 1N NaOH and 200mL of DMSO
(10%) were added to the cell pellets and kept for 1 h
at 60 �C. The absorbance of the solution was meas-
ured using a microplate reader at 405 nm. The effect
of ME and HE on melanin synthesis was deter-
mined. Arbutin was used as a reference standard.

2.8. Anti-wrinkle effects

2.8.1. Elastase inhibition

The elastase inhibitory effect of ME and HE was
assessed by previously reported methods [36].
Porcine pancreatic elastase (PE–EC. 3.4.21.36) was
dissolved in sterile water to make a 3.33mg/mL
stock solution. The substrate, N-succinyl-Ala-Ala-
Ala-p-nitroanilide (AAAPVN), was dissolved in
0.2M Tris-HCl buffer (pH 8.0). The reaction was
carried out in a 96-well microplate. Each well con-
tained 120mL of 0.2M Tris-HCl buffer, 50 mL of
mushroom extract (0.125–2.0mg/mL) in Tris-HCl
buffer, 30 mL of PE, and 50 mL of 1.6mM AAAPVN.
The test extract was pre-incubated at 25 �C for
15min before addition of the substrate. The absorb-
ance was measured with a microplate reader at
402 nm. The percent inhibition of esterase was cal-
culated as follows:

Esterase inhibition (%)
¼ [(Absc – Abss)/Absc]� 100,

where Absc represents the absorbance of the vehicle
control and Abss represents the absorbance of the
test sample. EGCG was used as a reference standard,
while distilled water was used as a negative control.

2.8.2. Collagenase inhibition

The collagenase inhibitory effect of ME and HE
from Ph. vaninii fruiting bodies was investigated
using previously reported methods [37] with some
modifications. Collagenase from Clostridium histoly-
ticum (ChC–EC.3.4.23.3) was solubilized in 50mM
of 1.44U/mL Tricine buffer (pH 7.8). The substrate,
4-phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro-D-
Arg trifluoroacetate salt (PZ-peptide), was dissolved
in 2.5mM Tricine buffer. Twenty-five microliters of
mushrooms extracts (0.125 to 2.0mg/mL) were
incubated with 20 mL of enzyme in 155mL of buffer
for 15min at 37 �C before the addition of 50mL of
PZ-peptide to initiate the reaction for 60min at

37 �C. The reaction was stopped by the addition of
1mL of citric acid (3%). Then, 5mL of ethyl acetate
was added and the solution was vigorously shaken
and allowed to stand for 10min. The absorbance of
the supernatant was measured at 320 nm using a
microplate reader. EGCG was used as a reference
standard. The inhibition of collagenase was calcu-
lated using the following formula:

Collagenase inhibition (%)
¼ [(Absc – Abss)/Absc]� 100,

where Absc represents the absorbance of the vehicle
control and Abss represents the absorbance of the
test sample. EGCG was used as a reference standard.

2.9. Statistical analysis

All data were expressed as means ± standard devia-
tions (SD) and SPSS V.13 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. One-way ana-
lysis of variance followed by Duncan’s multiple range
tests were used to compare means among groups.
Differences between means at the 5% (p< .05) level
were considered statistically significant.

3. Results and discussion

3.1. Total phenolics and flavonoids contents

The total phenolic and flavonoid contents of ME and
HE are presented in Table 1. The results revealed
that the total phenolic and flavonoid contents of ME
were 31.67mg GAE/g and 6.83mg QE/g, respectively,
whereas those for HE were 16.33mg GAE/g and
4.50mg QE/g, respectively. Vamanu and Nita [38]
reported that the total phenolic contents of methanol
and hot water extracts from the fruiting bodies of
Boletus edulis were 18.96mg GAE/g and were
17.22mg GAE/g, respectively, while flavonoid content
of methanol extract from Boletus aestivalis and
Leccinum carpini fruiting bodies was 1.53mg CE/g
and 1.48mg CE/g, respectively [39]. Our results sug-
gest that the total phenolic and flavonoid content of
the mushroom extracts was higher than those of the
mushrooms mentioned above, and may have contrib-
uted to the improvement of the antioxidant related
anti-xanthine oxidase, anti-melanogenic and skin
anti-wrinkle activities.

Table 1. Total polyphenol and flavonoid contents of metha-
nol and hot water extract from fruiting bodies of
Phellinus vaninii.

Samples
Yields

(% w/w)

Phenolics content
(mg GAE/g dry
extract wt)

Flavonoids content
(mg QE/g dry
extract wt)

Methanol extract 10.91 31.67 ± 1.25 6.83 ± 0.85
Hot water extract 6.34 16.33 ± 062 4.50 ± 0.41

GAE: gallic acid equivalents; QE: quercetin equivalent; wt: weight.
Values are means ± SD (n¼ 3).
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3.2. Cell viability

To determine whether the extracts from Ph. vaninii
fruiting bodies exhibited a cytotoxic effect on B16-
F10 murine melanoma cells, the cells were treated
with varying concentrations of ME and HE for 72 h,
and the cell viability was determined by MTT assay.
The cell viability of the ME- and HE-treated cells
ranged from 99.74 to 85.33% and 100.67 to 88.33%
at 50 to 750mg/mL, respectively (Figure 1). The cell
viabilities decreased with increasing concentrations
of the mushroom extracts. Since the viabilities of
cells treated with 500mg/mL ME and HE were over
90.33% and 91%, respectively, and the IC50 values of
ME and HE were 4,410 mg/mL and 5,385mg/mL,
respectively, the ME and HE were not cytotoxic to
B16-F10 melanoma cells at the concentrations
tested. Therefore, the cellular tyrosinase and mel-
anin synthesis activities of B16-F10 melanoma cells

treated with different concentrations of the mush-
room extracts were performed.

3.3. Antioxidant activity

3.3.1. DPPH radical scavenging effect

DPPH radical scavenging effects of ME and HE
from the fruiting bodies of Ph. vaninii increased
with increasing extract concentrations. The radical
scavenging activities of ME and HE at 0.125–2.0mg/
mL ranged from 75.83% to 95.17%, and 73.33% to
94.33%, respectively, and BHT, the positive control,
demonstrated good scavenging activity
(96.19–96.97%) (Figure 2(A)). Although the DPPH
scavenging activity of ME and HE were lower than
BHT at concentrations ranging from 0.125 to
0.5mg/mL, the percentage of inhibition observed in
ME and HE at 1.0–2.0mg/mL was statistically insig-
nificant compared to BHT. These results suggest
that the methanol and hot water extracts possessed
good radical scavenging activities at the higher con-
centrations tested.

DPPH scavenging activities of the methanol
extract from Pleurotus pulmonarius fruiting bodies
have been reported to range from 25.67% to 92.73%
at 0.125 to 2.0mg/mL [40]. Mau et al. [41] found
that the radical scavenging effects of the methanol
extracts from Tricholoma giganteum, Grifola fron-
dosa, and Hericium erinaceus mushrooms ranged
from 63.2% to 67.8% at 6.4mg/mL concentration.
Therefore, our experimental results suggest that the
DPPH scavenging activity of ME and HE

Figure 1. Cytotoxicity effects of methanol and hot water
extracts from fruiting bodies of Phellinus vaninii against B16-
F10 melanoma cells. Values are means± SD (n¼ 3).

Figure 2. Antioxidant activities of methanol and hot water extracts from fruiting bodies of Phellinus vaninii. (A) DPPH radical
scavenging activity; (B) Lipid peroxidation inhibitory activity; (C) Hydroxyl radical (OH�) scavenging activity. Values are
means± SD (n¼ 3). BHT, butylated hydroxytoluene; DPPH, 1,1-Diphenyl-2-picryl-hydrazy. ���p< .001, ��p< .01, �p< .05 vs.
BHT group; ##p< .01, #p< .05 vs. Methanol extract group.
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(0.125–2.0mg/mL) from Ph. vaninii fruiting bodies
can provide an adequate defense from free radical
and ROS injuries.

3.3.2. Lipid peroxidation inhibition

The lipid peroxidation inhibitory activity of ME and
HE from the fruiting bodies of P. vaninii ranged
from 44.99 to 66.08% and from 41.26 to 64.00% at
0.125-2.0mg/mL, respectively (Figure 2(B)), indicat-
ing that increasing concentrations of mushroom
extracts increased lipid peroxidation inhibition.
However, the lipid peroxidation inhibitory effect of
BHT was 90.30% at 2.0mg/mL, which was signifi-
cantly higher (p< .001) than those of ME and HE.
The IC50 values of ME against lipid peroxidation
from wild and cultivated mushrooms including
Pleurotus ostreatus, Termitomyces robustus, Pleurotus
sajor-caju, and Auricularia auricula were 0.15, 0.43,
0.75, and 1.51mg/mL, respectively [42]. The inhibi-
tory effects of hot water extracts on lipid peroxida-
tion of 14 different edible and medicinal mushroom
species collected from Malaysia ranged from 33.33%
to 57.18% at the concentration of 10mg/mL [43]. In
this study, the lipid peroxidation inhibitory activity
of ME and HE from Ph. vaninii ranged from
65.87% to 78% at 2.0mg/mL and their IC50 values
were 0.19mg/mL and 0.17mg/mL, respectively.
These results suggest that ME and HE from Ph.
vaninii fruiting bodies possessed good inhibitory
activity toward lipid peroxidation compared to the
mushrooms described above. Therefore, P. vaninii
fruiting bodies could be a valuable antioxi-
dant source.

3.3.3. Hydroxyl radical scavenging effect

The hydroxyl radical scavenging effects of ME and
HE from Ph. vaninii ranged from 75.60 to 98.19%
and 65.21 to 97.55% at 0.125 to 2.0mg/mL concen-
trations, respectively, whereas those of BHT ranged
from 79.89 to 92.66% (Figure 2(C)). However, the
IC50 values of ME and HE from Ph. vaninii were
0.115mg/mL and 0.119, respectively, whereas the
IC50 value of BHT was 0.111mg/mL, indicating that
the hydroxyl radical scavenging effects of ME and
HE were a little lower than that of BHT. Thus, ME
and HE from Ph. vaninii possessed relatively good
and comparable hydroxyl radical scavenging activ-
ities at the concentrations tested. The higher
hydroxyl radical scavenging activities found in ME
and HE in this experiment indicated that the
extracts effectively prevented the decomposition of
2-deoxyribose by removing hydroxyl radicals in the
test solution. The methanol extract from the fruiting
bodies of Pleurotus pulmonarius has been reported
to have a 95.13% hydroxyl radical scavenging effect

at 2.0mg/mL [40], which was lower than those of
ME (98.18%) and HE (97.55%) from Ph. vaninii at
the concentration tested. The hydroxyl scavenging
effect of the methanol extract from fruiting bodies
of Hypsizigus ulmarius mushrooms has been
reported to be 76.67% at 1.0mg/mL [44], whereas
those of ME and HE were 83.00% and 77.17% at
0.25mg/mL. Taken together, our results suggest that
the hydroxyl radical scavenging effect of ME and
HE from Ph. vaninii were better than those of the
mushroom extracts mentioned above. Therefore,
ME and HE from Ph. vaninii are potent hydroxyl
radical scavengers that may be used to prevent
ROS-related problems.

3.4. Xanthine oxidase inhibition

The xanthine oxidase inhibitory activities of ME
and HE from Ph. vaninii increased with increasing
concentrations. The xanthine oxidase inhibition of
ME and HE at 0.5 to 8.0mg/mL ranged from
61.15% to 88.99%, and 34.13% to 84.56%, respect-
ively. However, allopurinol, the reference standard,
demonstrated excellent XO inhibitory activities of
89.73 to 97.23% at the same concentrations tested
(Figure 3). Although ME and HE exhibited moder-
ate XO inhibitory activities at lower concentrations,
the mushroom extracts significantly inhibited XO at
higher concentrations. The XO inhibition by the
methanol and hot water extracts from Ph. gilvus
fruiting bodies have been reported to range from
28.60% to 86.20% and from 36.53% to 97.07% at 0.5
to 8.0mg/mL, respectively [45], indicating that the
inhibitory effect of ME and HE toward XO were
comparable with those of Ph. gilvus.

Flavonoids, a class of polyphenolic compounds,
are the most common secondary metabolites of
plants and fungi, and have been reported to possess
xanthine oxidase inhibitory activity [46]. Hence,
higher phenolic and flavonoid concentrations

Figure 3. Xanthine oxidase inhibitory activity of methanol
and hot water extracts from fruiting body of Phellinus vani-
nii. Methanol extract was extracted with 80% methanol; Hot
water extract was extracted with hot water. Values are
means± standard deviation (SD, n¼ 3). ���p< .001,��p< .01, �p< .001 vs. allopurinol group; ###p< .001,
##p< .01, #p< .05 vs. Methanol extract group.
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detected in the ME and HE may have contributed
to the inhibition of xanthine oxidase.

3.5. Skin-whitening effect

3.5.1. In vitro tyrosinase inhibition

The tyrosinase inhibitory activities of ME and HE
from the fruiting bodies of Ph. vaninii ranged from
55.83% to 96.16% and from 30.29% to 92.74% at
0.125–2.0mg/mL, respectively (Figure 4(A)), and
increased with increasing concentrations. However,
kojic acid, the reference standard, demonstrated
excellent tyrosinase inhibitory activities between
98.74 and 99.61% at 0.125–2.0mg/mL. The results
suggest that the ME exhibited a good effect, while
HE showed a moderate effect, at the concentrations
tested. Alam et al. [47] reported that the tyrosinase
inhibition by methanol and hot water extracts from
the fruiting bodies of P. salmoneostramineus ranged
from 20.90% to 63.29% and from 15.25% to 49.25%
at 0.125–1.0mg/mL, respectively, indicating that the
inhibitory activities of Ph. vaninii on tyrosinase
were higher than those of P. salmoneostramineus
fruiting bodies.

Phenolic compounds are aromatic acid com-
pounds containing phenolic rings and carboxylic
acid. Flavonoids are a group of polyphenolic com-
pounds. They are found in many plant and mush-
room species. Polyphenols are regarded as substrates
for tyrosinase and are the largest group of tyrosinase
inhibitors. Several polyphenols have been reported
to inhibit tyrosinase by binding to the active site of
the tyrosinase enzyme, resulting in irreversible
inactivation of the enzyme by a substrate-like inter-
action [48]. Some flavonoids have also demonstrated
an inhibitory effect on tyrosinase by chelation of the
copper ions in tyrosinase [49].

Therefore, the inhibitory effect of ME and HE
toward tyrosinase might be due to the polyphenolic
compounds and flavonoids present in the mush-
room extracts. The antioxidant effect of ME and HE

may also contribute to the inhibition of tyrosin-
ase activity.

3.5.2. Inhibition of DOPA auto-oxidation

L-DOPA is one of the precursors of melanin during
melanogenesis. L-DOPA is synthesized from L-tyro-
sine by tyrosinase hydroxylase. Tyrosinase can also
convert L-DOPA to dopaquinone, eventually leading
to melanin. The in vitro, L-DOPA auto-oxidation
inhibitory activities of P. vaninii are summarized in
Figure 4(B). The inhibition of L-DOPA auto-oxida-
tion by ME and HE ranged from 38.25% to 78.46%
and from 29.68% to 44.77% at 0.125 to 2.0mg/mL,
respectively, whereas kojic acid demonstrated excel-
lent L-DOPA inhibitory activities of 86.14 to 98.72%
at the concentration tested. The results showed that
ME and HE moderately inhibited L-DOPA auto-
oxidation. However, ME and HE exhibited less
inhibitory activity on L-DOPA auto-oxidation when
L-DOPA was used as a substrate than when L-tyro-
sine was used as a substrate of tyrosinase. Since
tyrosinase uses two different binding sites for tyro-
sine hydroxylase and L-DOPA oxidase, our experi-
mental results suggest that selective effectiveness of
tyrosinase on the two different substrates during
melanogenesis.

3.5.3. Cellular tyrosinase activity

Intracellular tyrosinase activity was determined after
treating the cells with varying concentrations of ME
and HE from the fruiting bodies of Ph. vaninii. The
effect of ME and HE on the tyrosinase activity of
B10-F10 melanoma cells ranged from 96.94% to
61.14% and from 98.12% to 84.16% at 25–500 ug/
mL, respectively, whereas arbutin showed tyrosinase
activities of 98.52 to 58.12% at the concentration
tested (Figure 5(A)), indicating that the tyrosinase
inhibition of arbutin was higher than those of ME
and HE. The results also showed that the tyrosinase
activity of ME was higher than that of HE and that
increasing concentrations of ME and HE resulted in

Figure 4. Tyrosinase and DOPA auto-oxidation inhibitory activities of methanol and hot water extracts from fruiting bodies of
Phellinus vaninii. (A) Tyrosinase inhibitory activity; (B) DOPA auto-oxidation inhibitory activity. Values are means± standard
deviation (SD, n¼ 4). ���p< .001, �p< .05 vs. Kojic acid group; ###p< .001, #p< .05 vs. Methanol extract group.
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decreased intracellular tyrosinase activity. Although
in vitro tyrosinase inhibitory effects of ME and HE
at 500 ug/mL were 84.39% and 45.64%, respectively,
cellular tyrosinase inhibition in B16-F10 melanoma
cells were 38.86% and 15.24%, respectively at the
same concentration tested, indicating that the mush-
room extract factors responsible for tyrosinase
inhibition were not able to penetrate the cells effect-
ively. Huang et al. [50] reported that cellular tyro-
sinase activity of methanol extract from fruiting
bodies of Agaricus brasiliensis were 95.75%–67.12%
at 100–500 ug/mL in B16-F10 melanoma cells, sug-
gesting that cellular tyrosinase activity of Ph. vaninii
were little higher than that of A. brasiliensis at the
same concentration tested.

To assess whether the decreased intracellular
tyrosinase activity and reduced melanin production
observed in B16-F10 melanoma cells were due to
cytotoxicity of the mushroom extracts, an MTT
assay was performed. In the MTT assay, B16-F10
melanoma cells treated with ME and HE exhibited
cell viabilities of 105% to 90.33%, and 107% to 91%
at 50–500 mg/mL, respectively, indicating that the
mushroom extracts were not toxic to B16-F10 mel-
anoma cells at the concentrations tested (Figure 1).

3.5.4. Melanin synthesis activity

To confirm whether the good cellular tyrosinase
inhibitory activities detected in the previous experi-
ment were related to melanin synthesis inhibition in
B16-F10 melanoma cells, melanin production by the
melanoma cells was further investigated. The mel-
anin synthesis of B16-F10 melanoma cells treated
with ME and HE ranged from 71.18% to 27.61%
and from 78.54% to 50.53%, respectively, at
25–500 mg/mL, while the melanin synthesis by arbu-
tin ranged from 73.50% to 35.16% at the concentra-
tion tested (Figure 5(B)). The study results suggest
that inhibition of the melanin synthesis by arbutin
was higher than that of HE but lower than that of
ME. Increased concentrations of the mushroom

extracts resulted in decreased melanin synthesis in
B16-F10 melanoma cells. The results suggested that
the inhibition of melanin synthesis in B16-F10 mel-
anoma cells by ME was significantly higher than
that of arbutin, while the inhibition of melanin pro-
duction by HE was significantly lower than that of
arbutin. Cha and Kim [51] demonstrated that fer-
mented extract of Cordyceps militaris exhibited
66–47% melanin synthetic activity at 1.0–3.0mg/mL
in B16-F10 melanoma cells, suggesting that inhibi-
tory activity of melanin synthesis of fruiting body
extracts of Ph. vaninii were higher than that of fer-
mented extract of Cordyceps militaris. Therefore, the
study results demonstrated that the mushroom
extracts not only inhibited in vitro tyrosinase activ-
ity and L-DOPA auto-oxidation but also decreased
tyrosinase activity and melanin production in B16-
F10 melanoma cells. Taken together, our findings
suggest that ME and HE from Ph. vaninii fruiting
bodies may be regarded as potential novel anti-mel-
anogenic sources of protection against skin pigmen-
tation from the ultraviolet radiation of sunlight.

3.6. Skin anti-wrinkle activity

3.6.1. Elastase inhibition

Elastase, a protease, is responsible for the break-
down of elastin which is found in the ECM.

Elastases can cleave elastin, as well as other sub-
strates, such as collagen, fibronectin and ECM pro-
teins. However, under natural conditions, elastase
activity is essential for the degradation of foreign
proteins after wounding [52]. To delay skin aging,
such as wrinkles, sagging, and freckles, it is neces-
sary to prevent the degradation of ECM-related pro-
teins and thereby protect the loss of skin elasticity.
The esterase inhibitory rate of ME and HE from the
fruiting bodies of Ph. vaninii ranged from 37.23% to
71.24% and from 28.99% to 64.65% at 0.125–2.0mg/
mL, respectively, whereas EGCG demonstrated
esterase inhibitions of 17.93 to 45.31% at the

Figure 5. Cellular tyrosinase and melanin synthesis activities of methanol and hot water extracts from fruiting bodies of
Phellinus vaninii. (A) Tyrosinase activity in B16-F10 melanoma cells; (B) Melanin synthesis activity in B16-F10 melanoma cells.
Values are means± standard deviation (SD, n¼ 4). ���p< .001, ��p< .01, �p< .05 vs. Arbutin group; ###p< .001, ##p< .01 vs.
Methanol extract group.
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concentration tested (Figure 6(A)). The elastase
inhibition rate of ME and HE might be considered
excellent compared to EGCG. Kim et al. [53]
reported that mycelia extract of Tricholoma matsu-
take demonstrated that elastase inhibitory activity by
81.4% at 100 mg/mL, indicating that the inhibitory
effects of ME and HE from Ph. vaninii on elastase
were lower than that of T. matsutake extract. Choi
and Lee [54] demonstrated elastase inhibition by the
methanol and hot water extracts from Coriolus versi-
color fruiting bodies ranged from 21.5% to 35.47%
and from 17.57% to 25.86% at 1.0 to 3.0mg/mL,
respectively, suggesting that the elastase inhibition
of ME and HE were higher than those of C. versi-
color fruiting bodies. The results suggest that the
mushroom extracts possess anti-wrinkle potential to
prevent elastin and collagen from degradation.

3.6.2. Collagenase inhibition

Collagenases are metalloproteinases capable of cleav-
ing various molecules found within the cells and
ECM, such as collagen, elastin, fibronectin, gelatin,
and laminin. The collagenase used in this experi-
ment, bacterial collagenase (Clostridium histolyticum,
ChC), also degrades the ECM [55]. Therefore, the
bacterial collagenase was used to test the anti-colla-
genase activity of the mushroom extracts. The colla-
genase inhibitory activities of ME and HE from the
fruiting bodies of Ph. vaninii ranged from 41.04% to
63.02% and from 26.40% to 47.33% at 0.125–2.0mg/
mL, respectively (Figure 6(B)), while EGCG inhib-
ited collagenase 17.93 to 45.31% at the concentra-
tion tested. The results suggest that ME was an
excellent inhibitor, whereas HE revealed moderate
inhibitory effects at the concentrations tested.
Cheon et al. [56] reported that the collagenase
inhibition by ethanol and hot water extracts from
the fruiting bodies of Phellinus linteus ranged from
3.4% to 6.8% and from 33.4% to 89.6% at 0.05–1.0
mg/mL, respectively, indicating that collagenase
inhibition by ME from Ph. vaninii was higher than
that from hot water extract of Ph. linteus fruiting
bodies Since ME and HE exhibited good inhibition

of collagenase, the extracts may protect the ECM
and collagen from degradation caused by photo-
aging. Although most elastase and collagenase
inhibitory activities have been demonstrated in
plants, including white tea, green tea, mulberry
bark, and ginkgo fruits [57,58], this is the first
report of elastase and collagenase inhibitory activ-
ities from the fruiting body extracts from Ph. vani-
nii, and may represent a new anti-wrinkle
agent source.

In conclusion, the fruiting body extracts from Ph.
vaninii exhibited good antioxidant, anti-xanthine
oxidase, tyrosinase, melanin synthesis, elastase, and
collagenase inhibitory activities. The xanthine oxi-
dase, tyrosinase, and melanin synthesis inhibitory
activities could be used for natural sources to con-
trol gout and skin pigmentation agents, and inhib-
ition of elastase and collagenase might be good
sources for treating skin wrinkle-related disorders.
Further research is necessary to determine the fac-
tors providing the anti-xanthine oxidase, anti-tyro-
sinase, and anti-wrinkle activities in the extracts
from Ph. vaninii fruiting bodies.
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